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units/ml penicillin and 100mg/ml streptomycin. Experiments were carried out with charcoalstripped FCS in the absence of antibiotics. Cells were cultured at 37°C with 5% CO 2 .
Expression vectors and promoter-reporters
For transient transfections, murine C/EBPβ isoforms were individually expressed from pcDNA3.1 (Invitrogen, Carlsbad, CA, USA). pcDNA-LIP has been described (Dearth et al., 2001 ). pcDNA-LAP2 (plasmid 12557; Addgene, Cambridge, MA, USA) has been described (Basu et al., 2011) . pcDNA-LAP1 was derived from a plasmid containing the complete coding sequence of murine C/EBPβ inserted between the EcoRI and HindIII sites of pcDNA3.1(-) (a gift from Dr. Peter Johnson, NCI-Frederick, Frederick, MD, USA). The ATG translational start sites for LAP2 and LIP were mutated to GCG and a consensus Kozak sequence introduced upstream of the LAP1 translational start, mutating GCGTTCATG to GCCACCATG (mutated bases underlined) by site-directed mutagenesis. pCMV-c-jun has been described (McCabe et al., 1996) . Murine PRA and PRB were individually expressed from vectors derived from the complete murine PR cDNA (Schott et al., 1991) . For PRA, a HincII/EcoRV fragment of the PR cDNA, lacking the PRB ATG translational start site, was ligated into the EcoRV site of M A N U S C R I P T A C C E P T E D ACCEPTED MANUSCRIPT 6 pcDNA3.1(-). For PRB, a NheI/NotI fragment of the PR cDNA was ligated into the cognate sites of pcDNA3.1(+). The PRA ATG translational start site was mutated to GCG.
The tandem PR promoter-reporter ( Fig. 1) consists of the region -2494 to +769 base pairs (bp) in relation to the predicted PRB transcriptional start site inserted between the Asp718 and NcoI sites of pGL3-Basic (pGL3B) (Promega, Madison, WI, USA). This region contains the putative transcriptional start sites for both PRB and PRA. The murine PR promoter region was isolated by PCR amplification of C57/Bl6 genomic mouse DNA using the following primers: -2502 to -2471 bp, 5'-ACATGGTACCAGCGTGTCACCTGGCACAGA-3' (containing an underlined Asp718 site); +771 to +753 bp, 5'-CTGTCCATGGACACGTCCGAGTGCTGGCT-3' (containing an underlined NcoI site). TA cloning placed the PCR fragment into pCR2.1 (TA Cloning Kit; Invitrogen, Life Technologies, Grand Island, NY, USA). The promoter fragment was then excised with Asp718 and NcoI, and inserted into pGL3B. The minimal PR promoterreporter consists of the region -117 to +63 base pairs (bp) in relation to the predicted PRB transcriptional start site ( Fig. 1 ) and was constructed in two steps. First, PCR amplification using 5'-AGCACCTGCAACTTCACCTCTG-3' (-444 to -423 bp) and 5'-TAGCAGAATGTCAGAA TCCTC-3' (+43 to +63 bp) produced a promoter fragment that was placed into pCR2.1 by TA cloning, after which the promoter fragment was excised with Sac I and Xho I, and inserted into pGL3B. This construct was then digested with Spe I and religated to produce the -117/+63 PR promoter-reporter. 2xPRE-TK-luc (plasmid 11350; Addgene) (Giangrande et al., 2000) contains two copies of a consensus progesterone response element (PRE) upstream of the human thymidine kinase promoter. pRL-SV40 expresses Renilla luciferase from the SV40 early enhancer-promoter (Promega).
Transient transfections
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Transient transfections were conducted in either 12-well cell culture plates or 6 cm culture plates containing 1 ml/well or 4 ml/plate, respectively, of DMEM-F12 supplemented to 5% charcoal-stripped FCS. 12-well cell culture plates were seeded with 5x10 4 All transfections were carried out in duplicate and repeated at least three times.
In transient transfections assayed by the isolation of RNA or nuclear protein extracts, 5x10 5 cells were transfected in 6 cm culture plates under conditions similar to those described above. The quantities of expression plasmids are indicated in figure legends. Cells were harvested for RNA isolation or nuclear extracts as described below.
In transient transfections assayed by immunofluorescence, cells were grown to 30% confluence in 6-well cell culture plates on 22 mm round cover slips (Fisher Scientific, Pittsburgh, PA, USA) in 2 ml DMEM-F12 supplemented to 5% charcoal-stripped FCS. Cells were either transfected using the FuGENE 6 Transfection Reagent (Promega), as described above, or using the K2 ® Transfection System (Biontex, Munich, Germany). For the K2 ® Transfection System, cells were treated with 12 µl K2 ® Multiplier for 2 h before DNA transfection. K2 ® Multiplier was dripped slowly onto the medium with gentle mixing. For each transfection, 1 µg of plasmid DNA encoding LIP was mixed with 4µl of K2 ® Transfection Reagent in 100 µl DMEM-F12 medium and incubated at room temperature for 20 min before addition to the cells. After 24 h incubation, the cells on the cover slips were fixed, and then stained for immunofluorescent analysis.
Plasmid Immunoprecipitation (PIP)
The -117/+63 PR promoter-reporter was digested with ScaI to separate promoter sequences from the pGL3B backbone. Transient transfections were performed similarly to promoter-reporter assays, except the DNA transfection mix comprised 2 µg of Sca I-digested
promoter-reporter, 1.5 µg of each expression plasmid, an amount of "empty" pcDNA3.1 to total 5 µg of total DNA, and 10 µl FuGENE 6 Transfection Reagent in 100 µl of serum-free DMEM/F12 medium. PIP was performed 24 h after transfection.
Trypsinized cells were suspended in DMEM/F-12 medium supplemented to 5% FCS.
The cells were then crosslinked at 1% formaldehyde for 10 min at room temperature.
Crosslinking was stopped by the addition of glycine to a final concentration of 0. 
Agarose beads were pre-coated with 20 µg salmon sperm DNA and l mg/ml BSA at 4°C overnight, and stored at 4°C for later use.
Immunoprecipitated material was washed sequentially in TSE buffer (20 and protein removed by overnight incubation with 2 µl of 10 mg/ml RNAse A at 65°C, followed by incubation with 2 µl of 20 mg/ml Proteinase K at 42°C for 2 h. DNA was then purified by phenol-chloroform extraction and ethanol precipitation, and subsequently dissolved in 50 µl of TE buffer.
DNA from the input and immunoprecipitated samples were subjected to quantitative polymerase chain reaction (qPCR) with specific primers in triplicate. The primers for the -
from immunoprecipitated DNA are presented as fold-enrichment compared to normal rabbit IgG immunoprecipitation products.
Chromatin immunoprecipitation (ChIP)
ChIP was performed using the EZ-Magna ChIP™ A/G Chromatin Immunoprecipitation Kit (Millipore Sigma) according to manufacturer's protocol. MC7-L1 cells were harvested at 80%
confluence, crosslinked, lysed, and then sonicated to produce 500-1000 bp chromatin fragments.
Chromatin complexes were precipitated with 5µg of rabbit anti-C/EBP beta (C-19; Santa Cruz 
RNA isolation and quantitative RT-PCR (qRT-PCR)
Total RNA was isolated using TRIzol reagent (Invitrogen) according to the manufacturer's protocol. For RNA isolation in the experiments examining PR promoter-reporter, the Agilent Total RNA Isolation Mini Kit (Agilent Technologies, Santa Clara, CA, USA) was were performed in duplicate, and repeated at least three times. Transfected cells were analyzed for luciferase activity 36 h after transfection as described for transient transfections.
Western analysis
Nuclear extracts were prepared as follows. Cells were washed in phosphate-buffered saline (PBS) and lysed in 15 mM KCl, 10 mM HEPES (pH 7.6), 2 mM MgCl2, 0.1 mM EDTA, 1mM DTT, 0.1% (volume:volume) Nonidet P-40, 0.5mM PMSF, 2.5 µg/ml leupeptin, 5 µg/ml antipain, and 5 µg/ml aprotinin for 10 min on ice. Nuclei were pelleted by centrifugation at 
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The anti-PRB (B15) was raised against the N-terminal region of the mouse PRB protein.
The specificity of B15 was confirmed by its failure to co-localize with anti-PRA staining in virgin mouse mammary gland, while at the same time co-localizing with staining of pregnant mouse mammary gland by commercially available anti-PRB (Kariagina et al., 2007) . B15 also detects a protein of similar size to that detected by commercially available anti-PRB in western blots (Kariagina et al., 2007) . The specificity of the anti-PRA was confirmed by its ability to detect PR in the virgin mouse mammary gland, while being unable to detect PRB in pregnant mouse mammary gland. The specificity of the anti-PRA is explained by availability of the vectors, either singly or in various ratios. R5020 was only able to stimulate 2xPRE activity with co-transfection of the PRB expression vector by itself (Fig. 4B) . However, even a 3:1 abundance of the PRB vector over the PRA vector did not support R5020 stimulation of 2xPRE.
Furthermore, only PRB in the absence of PRA stimulated the 2xPRE promoter; transfections that M A N U S C R I P T
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included PRA expression vector suppressed basal activity of the promoter (Fig. 4B) . Note that MC7-L1 cells in the absence of transfection express higher levels of PRA than PRB (Fig. 6D) and, thus, R5020 does not stimulate endogenous PR to drive the 2xPRE promoter. Low transfection efficiency precluded detection of transfected PRA and PRB expression by western analysis, so PR expression was examined by immunofluorescence. Immunofluorescent detection of PRA and PRB in respectively transfected MC7-L1 cells demonstrated the expression of the PR isoforms above endogenous levels (Fig. 4C) . We sought to confirm that transfection of LIP 
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Consistent with the notion that LIP transcriptionally activates the endogenous PR gene, PR RNA levels were increased 23-fold by LIP overexpression (Fig. 5C ).
Endogenous levels of C/EBPβ β β β and c-Jun contribute to PR expression
In order to examine whether the levels of C/EBPβ and c-Jun normally present in MC7-L1 cells can support PR expression, "gene knockdown" experiments were performed with siRNAs directed against the mRNAs of these transcription factors. SiRNAs directed against C/EBPβ and c-Jun mRNAs were transiently transfected, either singly or together, with the -2494/+769 PR promoter-reporter. The activity of this promoter was reduced by about 40% by either siRNA alone, while co-transfection with both siRNAs reduced promoter activity by about 50%, not significantly different from either siRNA alone (Fig. 6A) . Similar reductions in basal activity were found for control promoter-reporters specifically dependent on C/EBP or c-Jun family transcription factors (data not shown). At the same time, protein levels of C/EBPβ isoforms and c-Jun were dramatically reduced by their cognate siRNAs, but were unaffected by control and non-specific siRNAs (Fig. 6B) . Furthermore, this demonstrates endogenous expression of C/EBPβ and c-Jun in MC7-L1 cells at levels that are sufficient to support PR transcription.
Additionally, the fact that co-transfection with siRNAs for both C/EBPβ and c-Jun suppressed expression from the PR promoter little more than each siRNA alone is consistent with the notion that the activity of these transcription factors on the PR promoter is largely derived from their synergy. The fact that protein levels of C/EBPβ and c-Jun were only affected by their cognate siRNAs demonstrates the specificity of siRNA activity. Western analysis of MC7-L1 also verifies endogenous expression of PRA and PRB in the absence of transfected expression of C/EBPβ and c-Jun (Fig. 6D ). PRA appears in greater abundance than PRB, densitometry finding a ratio or 2.3 to 1.
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In order to extend our examination of the effects of gene knockdown to the intact endogenous PR gene, we repeated the transfection of siRNAs directed against C/EBPβ and c-Jun mRNAs with the 2xPRE-TK-luc promoter-reporter. Similarly to the case with the -2494/+769
PR promoter, activity of the 2xPRE promoter was reduced by about 40 to 50% whether transfected singly or with both siRNAs (Fig. 6C ). This suggests a similar dependence of the intact endogenous PR promoter for endogenous levels of C/EBPβ and c-Jun expression as for the -2494/+769 PR promoter-reporter. (Fig. 7A) . In contrast, PRB, the predominant PR isoform in the pregnant mammary gland, largely co-localized with C/EBPβ (Fig. 7B ), consistent with a role for C/EBPβ in PRB expression. Consistent with the specificity of the anti-PRA and anti-PRB antibodies that we used in this analysis, anti-PRA detected an exceedingly small number of cells in pregnant mammary gland (Fig. 7B) , while anti-PRB detected similarly exceeding small number of cells in nulliparous mammary gland (Fig. 7A) .
C/EBPβ
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Overexpression of LIP increased both PRA and PRB expression in MC7-L1 cells ( Fig.   5A and B), but the relative expression of PRA and PRB proteins is uncertain as these proteins were detected with different antibodies. While LIP overexpression clearly increased PR expression, protein expression levels were not high enough to allow reliable western blot analysis assessing relative expression of PRA and PRB based on their size (data not shown). In order to assess differential expression of PRA and PRB, we performed a PCR assay utilizing primers specific to either a region common to both PRA and PRB transcripts or to an upstream region specific to PRB transcripts. Transcripts from the endogenous gene were not abundant enough to allow that determination (data not shown), so we instead performed assays on RNAs isolated from cells transfected with the -2494/+769 PR promoter-reporter. Consistent with a role for LIP in PRB expression, LIP overexpression increased the ratio of PRB transcripts to total PR transcripts by 1.8-fold (Fig. 7C) .
Discussion
The data presented in this paper support an important role for C/EBPβ in the Transfected cultures were treated with and without R5020. Amphiregulin (Areg) and GAPDH RNA expression were quantitated by qRT-PCR. Amphiregulin values were normalized to GAPDH levels, and then normalized to a relative value of 1.0 for "ctrl" cells receiving only "empty" pcDNA3.1. *, p<0.1; **, p<0.05 for comparisons to "ctrl". • C/EBPβ LIP and c-Jun synergize to activate the murine progesterone receptor promoter.
• C/EBPβ LIP and c-Jun exhibit promoter occupancy on the progesterone receptor gene.
• C/EBPβ and progesterone receptor B co-localize to the pregnant mammary epithelium.
